Analysis of drilling predation patterns on the foraminifera of the Galapagos hydrothermal mounds reveals that the predator is highly species-selective in its choice of prey, feeding almost exclusively on the most abundant foraminiferal species, Siphouvigerina auberiana (d'orbigny). Predation is quite heavy; drillings occur in 27% of the individuals, and most specimens show multiple holes. There are indications that the prey rarely survive attacks. Evidence is presented suggesting predator avoidance behavior in S. auberiana, as well as behavioral countermeasures on the part of the predator. We suggest that the most likely predator is probably the juvenile stage of a naticid gastropod.
INTRODUCTION
The trophic structure of the communities in the Galapagos rift and hydrothermal mounds area is unique in that it is based on geothermal and geochemical energy rather than on photosynthesis. The pathways by which energy travels from the bacterial base of the trophic web to larger inhabitants are varied (Grade, in press , and references therein). One aspect of this trophic web involves the direct predation of metazoans on foraminifera.
Predation on foraminifera has been noted by a variety of workers in many fields. Whole ingestion of foraminifera by gastropods has been documented by Bacescu and Carcaion (1956) , Hickman and Lipps (1983) , Hurst (1965) , Lemche (1956) , Marcus and Marcus(1959, 1960) , Merriman(1966) , Olsson(1956) , Pelsneer (1 939, Shonnman and Nybakken (1 978) , and Walker (1 97 1). Predation by fish (Daniels and Lipps, 1978) , echinoderms (Myers, 1943) , shrimp (van Leeuwenhoek, 1702 in Lipps and Valentine, 1970; Myers, 1943) , scaphopods (Bilyard, 1974; Lacaze-Duthiers, 1856) , polychaetes (Myers, 1940 (Myers, , 1943 Perkins, 1958; Wolff, 1960) , bivalves (Knudsen, 1967) , nematodes (Sliter, 1971 (Sliter, , 1975 and flatworms (Myers, 1943) has also been documented. Borings in foraminifera have been noted by Bradley and others (1942) , Douglas (1983 ), Livan (1937 , Reyment (1966) , Sliter (1971 Sliter ( , 1975 , and Vayalov and Kantolinskaya (1 968).The most useful reviews of predation on foraminifera include Lipps and Valentine (1 970), and Sliter (1 975) on drilling, specifically.
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MATERIALS AND METHODS
The material was collected by ALVIN boxcore on dive 992 at a depth of 2,714 meters at Oo35.6'N, 86'6.3 1'W. The cores were recovered from hydrothermal sediment mounds about 20 km south of the Galapagos ridge axis on 9 December 1979. ALVIN'S 15 x 15 cm boxcore was punched through the manganese oxide crust of hydrothermally deposited mound of sediment, and into the soft interior sediment consisting mainly of nontronite and iron oxides. A summary of the physical environment can be found in Corliss and others (1 979). The boxcore was divided into subcores and these were further separated into top and bottom sections, each 5 cm in depth. The samples were sieved on board over an 88 micrometer sieve, stained with rose Bengal, and preserved in alcohol. Benthic foraminifera were recovered from the top and bottom sections.
The foraminifera were picked and mounted for further study, and drilled specimens were measured under a camera lucida with a high-resolution digitizer. The data recorded included the maximum length of the specimen, and the inside diameters of the drillings, measured, in order, from the prolocular to the apertural end.
The borings averaged 0.034 mm in diameter and the average size for bored foraminifera was .49 mm. The holes ranged in size from .O 1 mm to .125 mm. With the exception of a single specimen of Cibicides (?), it was found that the only drilled species was Siphouvigerina auberiana.
DISCUSSION
Most of the literature that mentions predation on foraminifera takes the form of incidental tabulations of gut contents of the predators. Most authors that deal specifically with drilling predation give no more than a simple mention of the holes. An exception to this is the work of Sliter (1971 Sliter ( , 1975 ) who noted the frequencies of borings and classified them into the two types previously mentioned.
Sliter (1 975) remained undecided as to the nature of the predator, pointing out that the bevelled holes resembling those drilled by gastropods are smaller than most gastropod drillings. Carricker (oral communication) points out that in gastropod holes that are deep relative to their width it is possible to distinguish muricid snail borings by their tendency to be cylindrical rather than bevelled, as is found in naticids. Additionally, unfinished naticid holes have a small boss in the center. This is caused by the musculature of the drilling organ pulling on the center in such a way as to cause a depression in the center of the organ, this depression corresponding to the central boss in the hole. Unfortunately, the hole size of the Galapagos specimens are small relative to the texture of the calcite, thus making identification of such bosses uncertain. There are few data on the holes drilled by newborn gastropods, but mean hole sizes reported for newborn UrosaZpinx cinera at least are the right order of magnitude (Carricker, 1957), being about three times the size of those found in S. auberiana. The largest drillings in the Galapagos foraminifera are actually larger than the mean hole size reported by Carricker for Urosalpinx; thus, the observed holes overlap in size with known gastropod drillings. The most obvious characteristic of the drilled foraminifera from the Galapagos hydrothermal mounds is that most specimens show multiple drillings. Sliter (1975) noted that multiple borings are atypical of gastropod predation; however, multiple borings have been observed experimentally when predator avoidance results in repeated attempts at penetration (Kitchell and others, personal communication) .
The mean number of penetrations among drilled specimens is 8.3, and the range is from one to 15 penetrations per individual. There is no doubt that the Galapagos predator is species-selective. Siphouvigerina auberiana accounted for approximately 17% of the 2,73 5 specimens of Galapagos foraminifera available for study, and about 27% of the specimens of this species were drilled. Only a single drilled specimen of one other species was observed. Species-selective ingestion of foraminifera has been reported by Shonnman and Nybakken (1 978) and Bilyard (1 974), but to the authors' knowledge, selective drilling is previously unreported.
Both hole size and number of holes are randomly distributed with respect to prey size. Additionally, there is no detectable size difference between drilled and undrilled specimens, suggesting that the predator is not size-specific in its choice of prey. However, there are nonrandom aspects in the distribution of holes among specimens. These aspects indicate that the multiple borings in S. auberiana are the result of a surprisingly complex behavioral interaction on the part of predator and prey. First, an analysis of variance of hole size revealed that variation between specimens of S. auberiana is significantly greater than variation within specimens. Since hole size shows a relationship to predator size in gastropods (Kitchell and others, 198 l) , we can infer that a single individual predator is responsible for the holes drilled in a given foraminfer. Additionally, it appears that any given episode of drilling usually results in the death of the foraminifer: there are no repaired holes. It is conceivable that the stress of predation triggers reproduction in the prey. This might explain the lack of repaired holes, but in that case one would not expect multiple drillings in a vacated test.
The patterns of variation in hole size within specimens show an interesting relationship: the larger holes tend to be those nearest the proloculus (Pl. 1 and Fig.  1) . Coupled with the observations detailed above (that a single organism is responsible for each drilling episode and that the drilling episodes result in death of the prey) we can infer the following predation strategy: if a predator happens to initiate drilling near the apertural end of the foraminifer, then the protozoan retreats to earlier chambers, leaving behind empty chambers and causing the predator to abandon the initial, small exploratory hole. The predator responds by drilling again nearer the proloculus until the prey is no longer able to retreat. Upon finding protoplasm, the predator enlarges the hole to gain access to the protoplasm in that chamber. This process leaves behind small exploratory holes near the apertural end and larger feeding holes near the proloculus.
The apertural characteristics of Siphouvigerina are such that it would be impossible to extend a feeding proboscis from one chamber to the next, so it would be necessary to drill each chamber to remove com- pletely all the protoplasm. These apertural characteristics include 1) a complex apertural tooth plate, and 2) partial covering of previous apertures by succeeding chamber walls (Pl. 1, 4) . It is worth noting that this second characteristic seems to be more pronounced in the Galapagos samples than elsewhere (based on an examination of the available type specimens). This suggests that apertural complexity may be an adaptive response to predation. Sliter (1975) also suggested that multiple borings, although normally not characteristic of gastropod predation, might be an adaptation for predation on chambered organisms. The observations of gradational increase in hole size and of species-specificity in prey choice indicate that the predator is interested in protoplasm rather than calcium carbonate as a resource.
The observed pattern of drilling suggests that once a predator has found a potential prey, it does not simply drill one chamber and then abandon the prey; rather, it will completely exhaust the food potential by repeated drilling of the same individual. Such predation behavior, when coupled with a lack of size selectivity, indicates that either living S. auberiana may be rare despite the fact that it is the most abundant foraminiferal species, or that the search efficiency of the predator is low enough that partially consumed prey cannot be economically discarded. Fewer than five out of 2,735 individuals examined were stained by rose Bengal (this may have been due to the fact that they were preserved in alcohol after staining).
SUMMARY AND CONCLUSIONS
The most likely candidate for the predator is a naticid gastropod. All the observations, including hole geometry, size, and number are consistent with this assumption. The (otherwise uncommon) occurrence of multiple borings is probably due to the chambered geometry of foraminifera. Grassle (oral communication) found that the small number of quantitative samples recovered from the mound area was insufficient to give an adequate description of the gastropod fauna in the area, so it remains unresolved as to whether naticids are actually present at the site; however, since the mounds community appears to be a normal, diverse deep-sea community, it is reasonable to expect that naticids are present. Even so, our conclusion that the predator is a naticid must remain tentative pending identification of naticids from the locality and/or direct observation of the drilling process. Nematode borings are distinctive enough that they are unlikely to be confused with snail borings (Sliter, 1971 (Sliter, , 1975 .
The following observations were made: 27% of Siphouvigerina auberiana were drilled (S. auberiana accounts for an average of 17% of the specimens recovered); average hole size: 0.034 mm; mean number of holes per drilled individual: 8.3 (range 1-1 5). Analysis of variance revealed significant between-specimen variation in mean hole size. No repaired holes were found, and the holes in any given specimen tended to be smaller near the aperture.
We conclude that the most likely predator is probably a gastropod and that it is highly species-selective. It does not abandon its prey after successfully drilling a chamber, but continues to drill until it has devoured the individual entirely. It is inferred that S. auberiana responds to penetration by withdrawing into the test to avoid the predator, and it is suggested that the complex apertural characteristics of S. auberiana may an adaptive response to such predation.
